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ABS?TRACT 

The l i t e r a t u r e  published a f t e r  January 1962 w 2 s  revieved t o  uncover infor- 
mation on the  conpat ibi l i ty  of corn-erical materials with an ethylene oxide- 
Freon 12 gas mixture. 

Ethylene oxide is capeble o f  producifig changes i n  material. procerties by 
reacting d i r ec t ly  with base no te r i e l  or  with impurities included during the 
manufacturir4 process. Beczuse t h e  reaction process is  diffusion degendent, 
permeability of materials t o  the gas i s  an important factor .  
solvent properties and tefids t o  qroduce swellipg i n  s m e  elestcners.  
majority of materiais appearing on tile f irst  l i s t  s k L d  ~r.&rga relstit.el;r 
s W l  change when exposed t o  sterilL?r; gas a t  room r e q e r a t u r e .  

Freon 12 has 
"he 

INTRODUCTIJIN 
A necessary phase of' the s t e r i l i za t ion  regime used t o  destroy o r  diminish 
microorganism population on spacecraft is  a s t e r i l a n t  gas exposure cycle. 
Materials damage, incurred through these procedures, czii cause t o t a l  f a i l u r e  
o r  perfom.ance degrda t ion  of coy-por_ents i n  which the \dne rc i j l e  materials 
are used. me c m p a t i b i l i t y  of compor.ent materials with the 125 ethylene 
oxide 885 Freon 12 gis  mixture m s t  be deternined t o  ectzblish the relia- 
b i l i t y  of spacecraft system zf ter  s t e r i l i z e t i o n  procec?cres. 

TO a w e n t  infom-ation from an e x c e r i x n t a l  ccrqst i t i l l t ; .  stud;., 2 l i t e r e t u r e  
search was 1;;iplemented t o  uncover pi3lis:led ini?ar.:.z;L.-- A :..: :e:-:::or of 
the sterilant gzs mkLtwe with c o m e x i e l  materiels. i c t e r i a i s  of primary 
i n t e r e s t  i n  t h i s  survey are those apaearing on the f i r s t  1 . s ~  submitted by 
JPL f o r  t e s t .  Secause of a simikr sesrch made in  lS62 ( 3 j  references ag- 
pearing before January 1962 were c o t  reviewed. 

The recent l i t e r a t u r e  provided very l i t t l e  c c q a t i b i l i t y  CC- .~ .  
portion of the inforzztion given i E  t h i s  reyor:. is t&en fro- iiterature 
published pr ior  t o  1962 and f rm the r e s u l t s  of en e q e r i x e n t a l  study per- 
formed as par t  of the Surveyor S te r i l i za t ion  Progrem. 

I n  addition t o  reviewing t h e  f o r n a l  l i t e r e t u r e ,  l e t t e r s  were wri t ten t o  prime 
suppliers of ethjlene oxide reques cLng nancilir4 annuals, m a t e r i d s  compati- 
b i l i t y  l ists ,  and general informtion. Where applic&Le, data from the nanu- 
facturer is included i n  t h i s  report. This report  confines i tself  t o  the compati- 
b i l i t y  of materials appearing on the f i r s t  JPL l i s t .  
mation on the chemistry of ethy1er.e mice,  zbsti,azted frcn tl;e recent l i t e r a t u r e  
can be found i n  Reference 11. 

. . .  . 

P A e  u2jor 

Additional general infor- 

L J T E m r n  REVIEW 

Ethylene Oxide - A mixture of 125 ethylene oxide sed, Freon 12 is  an  e f f ec t ive  
vapor phase s t e r i l a n t .  

Ethylene oxide reFleces l& i l e  hydrogen atcxs present i n  barbosyl, mino, 
sulfhydryl 2r.d hydcxyl g r o q s  wit:? ~ d o x y e z k y l  (-CE$if@H) groups, thereby 
blockirg nany reactive groups p r t i c i p e t i n g  is  e s sen t i a l  r e t & o l i c  reactions.  

m e  nechanisa by which ethylere oxide kills m i  r - 
organism has been linked t o  chenical a c t i v i t y  as en d k y l a t i c g  agent b? . 
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0 0 
I t  W 

C-OC2H40H 

N-C2HkOH iH Protein + H2C - CH2 + Protein 
'0' 

t: t - O-CZH~OH s-c2H40H 

The a b i l i t y  of ethylene oxide t o  react with l a b i l e  hydrogen -.kes it a 
potentent ia l ly  hazardous material fo r  polonged contact with ccc.ercial  
polyners such as epoxys. Amines, cormonly used as curring egents in  epoxy 
systezs, =e vulnerable t o  attack. 

- 

0 H 
R-NH2 + H$%Hz R-K-C~-C%-CHQ-OH 

Ethylene oxide can par t ic ipzte  i n  a number of reactions with cozpounds common- 
l y  found i n  commercial materials such s curing agents, f i l l e r s ,  Zlesticizers,  
and residual processing solvents(7 sf?. 
metallic oxides serve t o  catalyze the polymerization of ETO. 

Other materials such e s  xe tz l  and 

0 0 %H2 ; Q I t  
Acid Anhydrides % d C H 2  + (;;)20 - R!O-C-C-OCR 

H2H2 
Alcohols-Phenols €I2 H2 + ROH - RO-b-d-OH 

Amon ia 

Ketones 

Malonates 

/Q %O ?2% ! E :  
I HO -C-b-RH2 - >EO-C-C-E-C-C-OH HzC-CH;! + NH3 

H2C-CH2 P\ + R-8-R- 

HQC -0 

,COOR R2C-C .- COOR 

'COOR H$, ?C = 0 

A 
HzC-C% + CH2 - 1 I 

0 

0 -C -C-OH 

\ I i l l  
0 -C -C -OH 

I I  

/Q / 1 1 1 1  

Phosphoric Acid H2C-CQ + H3m4 - 0 = P-0-C-C-OH 

0 -C -C-OH 

\ I i l l  
0 -C -C -OH 

I I  

/Q / 1 1 1 1  

Phosphoric Acid H2C-CQ + H3m4 - 0 = P-0-C-C-OH 

3 

r 
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I t  I 1  I 1  

I :  1 1  -2 i 
- -c-co-(c-c-0-2-c-c-0- 

I 1  1 1  
--c13 sioC-$-cl-cl si O C - C - C ~ ) ~  K",7"2 1 2 ( I 1  

Silicon 
Tetrachloride 0 

Thiols 

Water 

0 ; I  
%C/-'C% + RSH-HO-C-C-SR 

I 1  

0 I 1  1 1  ! I  
I€$ (--cH2 + II20 -HO-C-C-OH w OH-C-C-0-C-C-OH 

I 1  1 1  1 1  

Reaction with ethjjler,e oxide can great ly  modify the physical cha rac t e r i s t i c s  
of a material. The overal l  change i n  properties of a n a t e r i a l  which contains 
reactive consti tuents or is i t s e l f  reactive, is dependent on several  factors.  

1. 
2. 

The amount of reactant m a t e r i a l  present. 
The perneabili ty of the mterial  t o  ethjLene oxide. 

Mater ~ 1 s  displey a marked degree of d fference i n  _cerm.eability t o  ethylene 
oxidef6r. The ueasureuents by Waeck(5f on commercial p l a s t i c  sheets show 
the following r e l a t i v e  pe rmab i l i t i e s  f o r  packaging materials: 

Cellophane 300 ~ ~ 6 2  = 0.00 
Polyvinyl alcohol = 0.00 
Polyester polyethylene t e r e p h t h d a t e  = 0.00 
Polyvinylidene chloride = 0.1 
Polyethylene = 0.35 
Polyvinyl chlor ide-ni t r i le  rubber blend = 1.0 
Cellulose acetate  - r i g i d  = 1.0 
Cellulose acetate  - plast ic ized = 2.4 
Polyvinyl chloride = 2.0 
Ethyl hydroxy ethyl cel lulose = 3.4 
Ethyl cel lulose = 3.9 

It is interest ing t o  note t h a t  t h e  addition of a p l a s t i c i ze r  t o  cel lulose 
acetate increases the pemezbi l i ty  by a f sc to r  of 2.4, indicating t h a t  its 
behavior w i t h  ethylene oxide i s  not so  much influenced by the material  as 
by the additive. 

Permeability is affected by a number of factors.  Caorphous gmlymers have 
higher permeabilities than crystal l ine polymers. Crys t a l l i n i ty  aloce, however, 
does not deternine gas transmission rate,  uolecular s p i e t r y  and cohesive 
energy densi t ies  are  d s o  influencing factors .  :.!aterials such es polyvi?yli- 
dene chloride, which have a highly s y m e t r i c a l  m l e c u l s r  s t ructure  and high 
cohesive ecergy &ensity displeg low _reriesbb"ities. Pcnr s ;metry interr 'eres 
with nolecular packing result ing i n  an ogen s t ructure  through which gns nole- 
cules can pass. 
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f i e o n  E - EeoE 12 (C c12 FZ), u e d  as a di>dent i~ the sterilaqt gas 
aixture, does not react  chemically with nz t e r id l s  appearing on t 
JPL l i s t  a t  room temperature. It does have solvent properties f5)hf%::er 
and a s m a l l  amount of swelling o r  crazing nay be experienced with some 
materials, especial ly  a f t e r  extended exposure at  10k0F. Elastomers ex- 
perience pronounced swelling a f t e r  _orolor.ged 
In a se r i e s  of e q o s u r e s  cerfomed by  dWont Viton A showed lo$ l i n e a r  
sxell and Viton B 95. Other materials such as Neoprene W and polyvinyl 
alcohol showed shrinkage, probzbly dEe t o  leaching of p l a s t i c i ze r s  by Freon 
solvent action. The presence o f  two f luorine atoms 'on the Freon 12 molecule 
contribute t o  i t s  high s t a b i l i t y .  Neither the - .a ter ids  t e s t ed  nor the test 
cordit ions should decozpose the Freor., therefore reect ive decoEposition pro- 
ducts are not expected t o  be  present f o r  reaction with materials being t e s t ed . .  

a c t  w i t h  l i qu id  Freon 12. 

Materfals Compatibilitx - The f i r s t  l i s t  of materials received from JPL is 
reproduced i n  Table I. 
with the s t e r i l e n t  gas mixture based on experimental data  from reference 2. 
In s o w  instances insuff ic ient  i n f c n a t i o n  is avgilable t o  form an opinion 
on conpat ibi l i ty .  These naterials ere denoted by N .  I. i n  the table.  It - 
should be  eEphasized t h a t  infomation given i n  Table I is a rough e s t i m t i o n  
of c m g a t i b i l i t y  based on the  behzvior of s imilar  materials or  families of 
materials. 

After each item is l isted the suspected compatibility 
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Table I - Compatibility of Materials with 12$ 
Zthylene Oxide 885 Freon 12 Gas Mixture 

Product 
(Commercid ~e s ignation) 

@on 828/Z 
H-Film 
Laminate !a-F-1349, FL-GE 
Laminate 1.m-P-21466 
=-53/?0 
Micarta H-2497 
PR 1930-1/2 
Pyre-ML RK-692 
RTV ll 
RTV 60 . .  

RTV 108 
RTV 140 
RTV 615 
RTV 881 
RTV 891 
S i l a s  t i c  1410 
S i l a s t i c  PR 1930-2 
Silgard 182 
Stycast  lOg5/11 
Stycast  2651/11 
Tedlar 200, Type 30B 
Viton B 60 & 95 
XP-206 Fiberglass 

3303/60 

2-218-5417-7 
4000-80 
7000-80 

Material 
Type 

Silicone 
E~oxy 
Poly imide 
.062c 

EPOXY 
Fluoros il- :one 
Epoxy-Fiberglas s 
Silicone 
Poly imide 
Silicone 
Silicone 
Silicone 
Silicone 
Silicone 
Silicone 
Silicone 
Silicone 
Silicone 
Silicone 
EPOXY 
EPOXY 
Polyvinyl Fluoride 
Fluorocarbon 
Epoxy 
Silicone 
Silicone 
Silicone 

NC = no change i n  properties 
SC = s m a l l  change 

NI = insuf f ic ien t  information 
' = moderate change 

Suspected Compatibility 
(Degree of Properties Change) 

sc 
sc 
XI 
NI 
M1: 
NC 
NC 
NI 
NI 
sc 
sc 
sc 
sc 
sc 
sc 
sc 
NI 
NI 
sc 
sc 
sc 
sc 
biC 
NC 
IJ I 
NI 
NI 
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